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(54) Sulfite additives for noii-aqueous eleclroiyte rechargeable ceils 

(57) A lithium ion electrochemical cell having high 
charge^ischarge capacity, long cycle life and exhibiting 
a reduced first cycle irreversible capacity, is described. 
The stated benefits are realized by the addition of at 
least one sulfite additive to an electrolyte comprising an 
alkali metal salt dissolved in a solvent mixture that 
includes ethylene caitx>nate. dimethyl cartx)nate. ethyl- 
methyl cartxxiate and diethyl carbonate. The preferred 
additive is an allyl or benzyl sulfite compound. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The present appficatton claims priority 
based on U.S. provisional application Serial No. 
60/117,105. filed January 25. 1999. 

BACKGROUND OF INVENTION 

[0002] The present invention generally relates to an 
alkali metal electrochemical cell, and more partrcularly, 
to a rechargeable alkali metal cell. Still more particu- 
larly, the present invention relates to a lithium ion elec- 
trochemical cell activated with an electrolyte having an 
additive provided to achieve high charge/discharge 
capacity, long cyde life and to minimize the first cycle 
in-eversible capacity. According to the present invention, 
the preferred additive to the activating electrolyte is a 
sulfite compound. 

[0003] Alkali metaP rechargeable _ cells typically 
comprise a carbonaceous anode electrode and a lithi- 
ated cathode electrode. Due to the high potential of the 
cathode material (up to 4.3V vs. Li/U* for U1.XC0O2) 
and the low potential of the carbonaceous anode mate- 
rial {0.01V vs. Li/U* for graphite) in a fully charged lith- 
ium ion cell, the choice of the electrolyte solvent system 
is limited. Since cart)onate solvents have high oxidative 
stability toward typically used lithiated cathode materi- 
als and good kinetic stability toward carbonaceous 
anode materials, they are generally used in lithium ion 
cell electrolytes. To achieve optimum cell performance 
(high rate capability and long cycle life), solvent systems 
containing a mixture of a cyclic cartxjnate (high dielec- 
tric constant solvent) and a linear carbonate (low vis- 
cosity solvent) are typically used in commercial 
secondary cells. Cells with carbonate based electro- 
lytes are known to deliver more than 1000 charge/dis- 
charge cycles at room temperature. 
[0004] US. patent application Serial No. 
09/133.799, which is assigned to the assignee of the 
present invention and incorporated herein by reference, 
is directed to a quaternary mixture of organic carbonate 
solvents in the activating elertrolyte for a lithium ion cell 
capable of discharge at temperatures below -20*'C and 
down to as low as -AO'^C while exhibiting good cycling 
characteristics. The quaternary solvent system includes 
etiiylene carbonate (EC), dimetfiyl carbonate (DMC), 
ethylmethyl cart)onate (EMC) and diethyl carbonate 
(DEC). 

[0005] Lithium ion cell design generally involves a 
trade off in one area for a necessary improvement in 
another, depending on the targeted cell applica- 
tion. The achievement of a lithium-ion cell capa- 
fcrfe of low temperature cycleability by use of the above 
quaternary solvent electrolyte, in place of ai typically 
used binary solvent electrolyte (such as 1.0M 
UPF6/EC:DMC=30:70, v/v which freezes at -irC). is 



obtained at the expense of increased first cycle irrevers- 
ible capacity during the initial charging (approximately 
65 mAh/g graphite for 1.0M 

UPF6/EC:DMC:EMC:DEC=:45:22:24.8:8.2 vs. 35 

5 mAh/g graphite for 1 .OM LJPF6/EC:DMC=30:70). Due to 
the existence of this first cycle irreversible capacity, lith- 
ium ion cells are generally cathode limited. Since all of 
the lithium ions, which shuttle between the anode and 
the cathode during charging and discharging originally 

io come from tiie lithiated cathode, the larger tiie first cycle 
inreversible capacity, tiie lower the cell capacity in sub- 
sequent cycles and the lower the cell efficiency. Thus, it 
is desirable to minimize or even eliminate the first cycle 
in-eversible capacity in lithium ion cells while at tiie 

15 same time maintaining the low temperature cycling 
capability of such cells. 

[0006] According to tiie present invention, these 
objectives are achieved by providing an organic sulfite 
in the quaternary solvent electrolyte. Lithium ton cells 

20 activated with these electrolytes exhibit lower first cycle 
irreversible capacities rdative to cells activated witii tiie 
same quaternary solvent electi-olyte devoid of tiie sulfite 
additive. As a result, cells including the sulfite additive 
present higher subsequent cycling capacity than control 

25 cells. The cycleability of the present invention cells at 
room temperature, as well as at low temperatures, i.e.. 
down to about -40°C. is as good as cells activated witti 
ttie quaternary electrolyte devoid of a sulfite additive. 

30 SUMMARY OF THE INVENTION 

[0007] It is commonly known that when an electrical 
potential is initially applied to litiiium ion cells con- 
structed with a cartx>n anode in a discharged condition 

35 to charge the cell, some permanent capacity loss 
occurs due to tiie anode surface passivation film forma- 
tion. This permanent capacity loss is called first cycle 
irreversible capacity. The film formation process, how- 
ever, is highly dependent on the reactivity of the electi-o- 

40 lyte components at the cell charging potentials. The 
electrochemical properties of the passivation film are 
also dependent on the chemical composition of the sur- 
face film. 

[0008] The formation of a surface film is unavoida- 
45 ble for alkali metal systems, and in particular, lithium 
metal anodes, and litiiium intercalated carbon anodes 
due to the relatively low potential and high reactivity of 
lithium toward organic electrolytes. The ideal surface 
film, known as the solid-elecb-olyte interphase (SEI). 
50 should be electrically insulating and ionicatly conduct- 
ing. While most alkali metal, and in particular, lithium 
electrochemical systems meet the first requirement^ tfie 
second requirement is difficult to achieve. The resist- 
ance of these films is not negligible, and as a result. 
55 impedance builds up inside tiie cell due to this surface 
layer formation which induces unacceptable polariza- 
tion during ttie charge and discharge of the litiiium ion 
cell. On the other hand, if the SEI film Is elecft-ically con- 
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ductive, the electrolyte decomposition reaction on the 
anode surface does not stop due to the low potential of 
the IHhiated carbon electrode. _ 
[0009] Hence, the composition of the electro- ~ 
lyte has a significant influence on the discharge 
efficiency of alkali metal systems, and particularly 
the permanent capacity loss in secondary cells. 
For example, when 1.0M LiPFg/ECiDMCsSOiTO is 
used to activate a secondary cell, the first cycle 
irreversible capacity is approximately 35 mAh/g of 
graphite. However, under the same cycling con- 
ditions, the first cycle irreversible capacity is found to be 
approximately 65 mAh/g of graphite when 1 .OM 
UPF6/EC:DMC:EMC:DEC=45:22:24.8:8.2 is used as 
the electrolyte. Further, lithium ion cells activated with 
the binary solvent electrolyte of ethylene cari^onate and 
dimethyl carbonate cannot be cyded at temperatures 
less than about -irC. The quaternary solvent electro- 
lyte of the previously referenced patent application, 
which enables lithium ion cells to cycle at much lower 
temperatures, is a compromise in terms of providing a 
wider temperature application with acceptable cycling 
efficiencies, it would be highly desirable to retain the 
benefits of a i'lthium ion cell capable of operating at tem- 
peratures down to as low as about -40*^0 while minimiz- 
ing the first cyde irreversible capacity. 
[0010] According to the present invention, this 
objective is achieved by adding a sulfite additive in the 
above described quaternary solvent electrolytes. In 
addition, this invention may be generalized to other non- 
aqueous organic electrolyte systems, such as binary 
solvent and ternary solvent systems, as well as the 
electrolyte systems containing solvents other than mix- 
tures of linear or cyclic carbonates. For example, linear 
or cyclic ethers or esters may also be included as elec- 
trolyte components. Although the exact reason for the 
observed improvement is not clear, it is hypothesized 
that tiie sulfite additive competes with the existing elec- 
trolyte components to react on the cartx>n anode sur- 
face during initial lithiation to form a benefidal SEI film. 
Thetiiusly formed SEI film is electrically more insulating 
than the film formed without the sulfite additive and. as 
a consequence; . the lithiated cartx>n electirode is better 
protected from reactions with other electrolyte conrpo- 
nents. Therefore, lower first cyde irreversible capacity is 
obtained. 

[0011] These and other objects of the present 
invention will become increasingly more apparent to 
those skilled in the art by reference to the following 
description. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] A secondary electrochemical cell con- 
structed according to the present invention indudes an 
anode active material selected from Groups lA. HA. or 
IIIB of the Periodic Table of Elements, including the 



alkali metals lithium, sodium, potassium, etc. The pre- 
ferred anode active material comprises lithium. 
[0013] In secondary electa^ochemical systems, the 
anode electrode comprises a material capable of inter- 

5 calating and de-intercalating the alkali metal, and pref- 
erably lithium. A cart)onaceous anode comprising any 
of the various forms of carbon (e.g., coke, graphite, 
acetylene black, cartoon black, glassy cartoon, etc.) 
which are capal>le of reversibiy retaining the lithium spe- 

10 des, is preferred. Graphite is particularly preferred due 
to its relatively high lithium-retention capacity. Regard- 
less of the form of the carbon, fibers of the cailsona- 
ceous material are particularly advantageous because 
the fibers have excellent mechanical properties which 

15 permit them to be fabricated into rigid electrodes tiiat 
are capat)le of withstanding degradation during 
repeated charge/discharge cycling. Moreover, tiie high 
surface area of carbon fibers allows for rapid 
charge/discharge rates. A preferred cart^onaceous 

20 material for the anode of a secondary electrochemical 
cell is described in U.S. Patent No. 5,443.928 to 
Takeuchi et al.. which is assigned to the assignee of the 
present invention and incorporated herein by reference. 
[0014] A typical secondary cell anode is fabricated 

25 by mixing about 90 to 97 weight percent graphite with 
about 3 to 10 weight percent of a binder material which 
is preferably a fluoro-resin powder such as poly- 
teuafluoroetiiylene (PTFE), pdyvinylidene fluoride 
-(PVDF), 

30 polyethyleaetetrafluoroethytene (ETFE), polyamldes 
and polyimides, and mixtures thereof. This electrode 
active admixture is provided on a current collector such 
as of a nickel, stainless steel, or copper foil or screen by 
casting, pressing, rdling or otherwise contacting the 

35 active admixture thereto. 

[0015] The anode component further has an 
extended tab or lead of the same material as the anode 
current collector, i.e., preferatsly nickel, integrally formed 
therewith such as by welding and contacted by a weld to 

40 a cell case:t)f-conductive metal in a case-negative elec- 
trical configuration. Alternatively, the cartDonaceous 
anode may be formed in some other geometry, such as 
a bobbin shape, cylinder or pellet to allow an alternate 
low surface cell design. 

45 [0016] The catiiode of a secondary cell preferably 
comprises a lithiated material that is stable in air and 
readily handled. Examples of such air-stable lithiated 
catiiode materials include oxides, sulfides, selenides. 
and tellurides of such metals as vanadium, titanium. 

so chromium, copper. molytxJenum. niobium, iron, nickel, 
cobalt and manganese. The more preferred oxides 
include LiNi02, ljMn204. UC0O2. LiCoo.92Sno.08O2 
and LiCoi.xNix02. 

[001 7] Before fabrication into an electrode for incor- 
55 poration into an electrochemical cell, tiie lithiated active 
material is preferably mixed with a conductive additive. 
Suitable conductive additives indude acetylene blacK 
cartxsn black and/or graphite. Metals such as nickel, alu- 
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minum, titanium and stainless steel in powder form are 
also useful as conductive diluents when mixed with the 
above listed active materials. The electrode further 
comprises a f luoro-resin binder, preferably in a powder 
form, such as PTFE, PVDF. ETFE, poiyamides and 
polyimides. and mixtures thereof. 
[0018] To discharge such secondary cells, the lith« 
ium ion comprising the cathode is intercalated into the 
carbonaceous anode by applying an externally gener- 
ated electrical potential to recharge the cell. The applied 
recharging electrical potential serves to draw the alkali 
nietal ions from the cathode material, ttirough the elec- 
trolyte and into the cartxjnaceous anode to saturate the 
cart)on comprising the anode. The resulting U^Cs elec- 
trode can have an x ranging between 0.1 and 1.0. The 
cell is then provided witii an electrical potential and is 
discharged in a normal manner. 
[0019] An alternate secondary cell construction 
comprises Tnfercalating the carbonaceous material with 
the active alkali material before the anode is incorpo- 
rated into the cell. In ttiis case, tiie cathode body can be 
solid and comprise, but not be limited to. such materials 
as manganese dioxide, silver vanadium oxide, copper 
silver vanadium oxide, titanium disulfide, copper oxide, 
copper sulfide, iron sulfide, iron disulfide and f luorinated 
cartx)n. However, this approach is conpromised by the 
problems associated with handling Irthiated carbon out- 
side of the cell. Lithiated carbon tends to react when 
contacted by air. 

[0020] The secondary cell of the present invention 
includes a separator to provide physical segregation 
between the anode and cathode active electrodes. The 
separator is of an electrically insulative material to pre- 
vent an internal electrical short circuit between the elec- 
trodes, and the separator material also is chemica{ly 
unreactive with the anode and cathode active materials 
and both chemically unreactive with and insoluble in the 
electrolyte. In addition, the separator material has a 
degree of porosity sufficient to allow flow tiierethrough 
of the electrolyte during the electrochecgj cal rea ction of 
the cell. The form of the separator typically is a sheet 
which is placed between the anode and cathode elec- 
trodes. Such is the case when the anode is folded in a 
serpentine-like structure with a plurality of cathode 
plates disposed intermediate the anode folds and 
received in a cell casing or when the electrodeiCQmbina- 
tion is rolled or.othentvise formed into a cylindrical "jelly- 
roll" configuration. 

[0021] Illustrative separator materials include fab- 
rics woven from f luoropolyrireHc fibers of pdyethylene- 
tetrafluoroethylene and 
polyethylenechlorotrif luoroethytene used either alone or 
laminated with a fluoropolymeric microporous film. 
Other suitable separator materials include non-woven 
glass, polypropylene, polyethylene, glass fiber materi- 
als, ceramics, a polytetraflouroethylene membrane 
commercially availatrie under the designation ZiTEX 
(Chemplast Inc.). a polypropylene membrane commer- 



cially available under the designation CELGARD (Cela- 
nese Plastic Conpahy, Inc.) and a membrane 
commercially available under tiie designation DEX- 
IGLAS (C.H. Dexter; Div., Dexter Corp.). 
5 [0022] The choice of an electrolyte solvent system 
for activating an alkali metal electrochemical cell, and 
particularly a fully charged lithium Ion cell is very limited 
due to the high potential of the catiiode material (up to 
4.3V vs. U/Li* for Lii .xCoOa) and the low potential of tiie 
10 anode material (0.01 V vs. Li/Li* for graphite). According 
to the present invention, suitable nonagueous electi-o- 
lytes are comprised of an inorganic salt dissolved in a 
nonaqueous solvent and more preferak^y an alkali metal 
salt dissolved in a quaternary mixture of organic car- 
15 bonate solvents comprising dialkyi (non-cyclic) carbon- 
ates selected from dimettiyl cartwnate (DMC). diethyl 
carbonate (DEC), dipropyl carbonate (DPC). ethylme- 
thyl cart)onate (EMC), methylpropyl carbonate (MPC) 
and etiiylpj'opyl carbonate (EPG), and mixtures ttiereof, 
20 and at least one cyclic carbonate selected from propyl- 
ene carbonate (PC), etiiylene cartxjnate (EC), butylene 
carbonate (BC) and vinylene carbonate (VC). and mix- 
tures thereof. Organic cartx>nates are generally used in 
tiie electrolyte solvent system for such battery chemis- 
es tries because they exhibit high oxidative stability toward 
cathode materials and good kinetic stability toward 
anode materials. 

[0023] Prefeh-ed electrolytes according to tiie 
present invention comprise solvent mixtures of 

30 EC:DMC:EMC:DEC. Most preferred volume percent 
ranges for the various carbonate solvents include EC in 
tiie range of about 10% to atx>ut 50%; DMC in tiie range 
of about 5% to about 75%; EMC in the range of about 
S% to about 50%; and DEC in the range of about 3% to 

35 about 45%. Electrolytes comaining this quaternary car- 
bonate mixture exhibit freezing points below -SO'^C, and 
lithium ion cells activated witii such mixtures have very 
good cycling behavior at room temperature as well as 
very good discharge and charge/discharge cycling 

40 behavior at temperatures below -2D°C. 

[0024] Known lithium salts that are useful as a vehi- 
cle for tnEinsport of alkali metal ions from the anode to 
tiie cathode, and back again include LiPF4, LiBF4. 
UAsFe. USbFe. UCIO4. UAICI4, UGaCU. 

46 UC(S02CF3)3, LiNOg. UN(S02CF3)2. LiSCN, 
UO3SCF2CF3, UC6F5SO3. UO2CCF3, USO3F. 
IjB(C6H5)4 and LJCF3SO3, and mixtures thereof. Suita- 
ble salt concentrations typically range between about 
0.8 to 1 .5 molar, 

50 [0025] In accordance with the present invention, at 
least one organic sulfite additive is provided in the elec- 
trolyte. The sulfite additive preferably has the general 
formula R^0S(=0)(0R2), wherein R"" and R^ are tine 
same or different and they can both be a hydrogen atom 

55 or an organic group containing 1 to 12 cartx>n atoms, 
and wherein at least R^ has the structure 
(R3)(R^)(r5)C- if r2^H with at least R^ being an aro- 
matic substituent or an unsaturated organic or inorganic 
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group and wherein if any of the remaining groups of 
and is a saturated organic group, the saturated 

organic group contains 1 to 11 carbon atoms. 

[0026] The greatest effect is found when diailyl 
- sulfite, methyl benzyl sulfite, ethyl benzyl sulfite, propyl 
benzyl sulfite, butyl benzyl sulfite, pentyl benzyl sulfite, 
methyl aliyi sulfite, ethyl ally! sulfite, propyl allyl sulfite, 
butyl allyl sulfite, pentyl allyl sulfite, mono-methyl sulfite, 
mono-ethyl sulfite, mono-butyl sulfite, mono-propyl 
sulfite, mono-pentyl sulfite, mono-allyl sulfite, mono- 
benzyl sulfite and dibenzyl sulfite, and mixtures thereof 
are used as additives in the electrolyte. 
[0027] The above described compounds are only 
intended to be exemplary of those that are useful with 
the present invention, and are not to be construed as 
limiting. Those skijled in the art will readily recognize 
sulfite compounds which come under the purview of the 
general formula set forth above and which will be useful 
as additives for the electrolyte to reduce voltage delay 
according to the present invention. 
[0028] While not intending to be bound by any par- 
ticular mechanism, it is believed that due to the pres- 
ence of the sujfite additive comprising at least one 
unsaturated hydrocartx>n containing a C(sp^ or sp^)- 
C(sp^) bond unit having the C(sp^) carbon directly con- 
nected to the -OSO2- functional group, the bond 
between oxygen and at least one of the group and 
R^ is readily severed and the sulfite intermediate Is able 
to compete effectively with the other electrolyte solvents 
or solutes to react with lithium and form a sulfite salt, 
i.e.. lithium sulfite, or the lithium salt of a sulfite reduc- 
tion product on the surface of the anode The resulting 
salt is more conductive than lithium oxide which may 
form on the anode in the absence of the organic sulfite 
additive. 

[0029] In fact, it is believed that the lithiurn^suK ite or 
the lithium salt of a sulfite reduction prbduct on the sur- 
face of the anode provides for the existence of charge 
delocalization due to resonance equilibration at the 
anode surface. This equilibration allows lithium ions to 
travel easily from one molecule to the other via a lithium 
ion exchange mechanism. As a result, beneficial ionic 
conductance is realized. Accordingly, it is believed that 
the present organic sulfite compounds compete more 
effectively with the other solvents in the electrolyte to 
form an ionically more conductive and electrically more 
insulative film than is provided by alkyi sulfites and 
cyclic sulfites such as ethylene sulfite and propylene 
sulfite, for example. As a consequence, the chemical 
composition and perhaps the morphology of the car- 
bonaceous anode surface protective layer is believed to 
be changed with concomitant benefits to the ceirs 
cycling characteristics. 

[0030] The assemt>ly of the cell described herein is 
preferably in the form of a wound element cell. That is. 
the fabricated cathode, anode and separator are wound 
together In a "jellyroir type configuration or "wound ele- 
merrt cell stack" such that the anode is on the outside of 



the roll to make electrical contact with the cell case in a 
case-negative configuration. Using suitable top and bot- 
tom insulators, the wound cell stack is inserted into a 
metallic case of a suitable size dimension. The metallic 
5 case may comprise materials such as stainless steel, 
mild steel, nickel-plated mild steel, titanium or alumi- 
num, but not limited thereto, so long as the metallic 
material is compatible for use with components of the 
cell. 

10 [0031] The cell header comprises a metallic disc- 
shaped body with a first hole to accommodate a glass- 
to-metal sealAerminal pin feedthrough and a second 
hole for electrolyte tilling. The glass used is of a corro- 
sion resistant type having up to about 50% by weight sW- 

IS icon such as CABAL 12. TA 23 or FUSITE 425 or 
FUSITE 435. The positive terminal pin feedthrough 
preferably comprises titanium although motykxienum. 
aluminum, nickel alloy, or stainless steel can also be 
used. The cell header comprises elements having com- 

20 patibility with the other components of the electrochem- 
ical cell and is resistant to con'osion. The cathode lead 
is welded to the positive terminal pin in the glass-to- 
metal seal and the header is welded to the case con- 
taining the electrode stack. The cell is thereafter filled 

25 with the electrolyte solution comprising at least one of 
the sulfite additives described hereinabove and hermet- 
ically sealed such as by close-welding a stainless steel 
ball over the fill hole, but not limited thereto. 
[0032] The above assembly describes a case-neg- 

30 ative cell, which is the preferred construction of the 
exerrplary cell of the present invention. As is well known 
to those skilled in the art, the exemplary electrochemical 
system of the present invention can also be constructed 
in a case-positive configuration. 

35 [0033] The concentration limit for the sulfite additive 
is preferably^bout 0.001 M to about 0.20M. The benefi- 
cial effect of the sulfite additive will not be apparent ifthe 
additive concentration is less than about 0.001 M. On 
the other hand, if the additive concentration is greater 

40 than about 0.20M, the beneficial effect of the additive 
will be canceled by the detrimental effect of higher ir^er- 
nal cell resistance due to the thicker anode surface film 
formation and lower electrolyte conductivity 
[0034] It is appreciated that various modifications to 

45 the inventive concepts described herein may be appar- 
ent to those of ordinary skill in tiie art without departing 
from the spirit and scope of tiie present invention as 
defined by the appended claims. 

so Claims 

1 . An electrochemical cell, which comprises: 

(a) a negative electrode which intercalates with 
55 an alkali metal; 

(b) a positive electrode comprising an elec- 
trode active material which intercalates with tiie 
alkali metal; 
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(c) a nonaqueous electrolyte activating the 
negative and the positive electrodes; and 

(d) a sulf ite additive provided in the electrolyte. 

2. An electrochemical cell according to claim 1 
wherein the sulfite additive has the formula: 
R^OS(aO)(OR2) having at least one unsaturated 
hydrocarbon containing a C(sp2 or sp^)-C(sp^) 
bond unit having the C(sp^) carbon directly con- 
nected to the -OSO2- functional group. 

3. An electrochemical cell according to claim 1 or 2 
wherein, in the formula: R^0S(=0){0R2). R"* and 
R^ may be the same or different and may represent 
a hydrogen atom or an organic group containing 1 
to 1 2 cart)on atoms, and wherein at least R^ has the 
structure (R^) (R^) (RS)C- if R^^H with at least R^ 
being an aromatic substituent or an unsaturated 
organic or inorganic group and wherein if any of the 
remaining groups of R^ and R^ is a saturated 
organic group, the saturated organic group contains 
1 to 1 1 carbon atoms. 

4. An electrochemical cell according to any preceding 
claim .wherein the additive is selected from the 
group consisting of diallyl sulfite, methyl benzyl 
sulfite, ethyl benzyl sulfite, propyl benzyl sulfite, 
butyl benzyl sulfite, pentyl benzyl sulfite, methyl allyl 
sulfite, ethyl allyl sulfite, propyl allyl sulfite, butyl allyl 
sulfite, pentyl allyl sulfite, mono-methyl sulfite, 
mono-ethyl sulfite, mono-butyl sulfite, mono-propyl 
sulfite, mono-pentyl sulfite, mono-allyl sulfite, 
mono-benzyl sulfite and dibenzyl sulfite, and nriix- 
tures thereof. 

5. An electrochemical cell according to any preceding 
claim wherein the sulfite additive is present in the 
electrolyte in an amount from 0.001 M to 0.20M. 

6. An electrochemical cell according to any preceding 
claim wherein the electrolyte includes a quaternary, 

' nonagueous caibonate solvent mixture. 

7. An electrochemical cell according to any preceding 
claim wherein the electrolyte comprises at least 
one linear cart)onate selected from the group con- 
sisting of dimethyl caitonate, diethyl cartwnate, 
dipropyl cart)onate, ethylmethyl carbonate, methyl- 
propyl carbonate and ethylpropyl carbonate, and 
mixtures thereof. 

8. An electrochemical cell according to claim 7 
wherein the electrolyte comprises at least three of 
the linear carbonates. 

9. An electrochemical celt according to any preceding 
claim wherein the electrolyte comprises at least 
one cyclic carbonate selected from the group con- 



45 
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sisting of ethylene carbonate, propylene carbonate, 
butylene carbonate and vinylene carbonate, and 
mixtures thereof. 

1 0. An electrochemical cell according to any preceding 
claim wherein the electrolyte comprises etiiylene 
carbonate, dimethyl carbonate, ethylmethyl carbon- 
ate and dietiiyt carbonate. 
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An electrochemical cell according to claim 10 
wherein the ethylene carfcK)nate is present in an 
amount from 10% to 50%. the dimethyl carbonate is 
present in an amount from 5% to about 75%. the 
ethylmethyl cartxjnate is present in an amount from 
5% to 50%. and the diethyl carbonate is present in 
an amount from 3% to 45%. by volume. 



12. An electrochemical cell according to any preceding 
daim wherein the electrolyte includes an alkali 

20 metal salt. 

13. An electrochemical cell according to any preceding 
daim wherein the alkali metal is lithium. 

25 14. An electrochemical cell according to any preceding 
daim wherein the negative electrode conprises a 
negative electrode active material selected from the 
group consisting of coke, cart>on black, graphite. 
- acetylene black, carbon fft>ers and glassy cartx)n, 

30 and mixtures ihereof. 

15. An electrochemical cell according to any preceding 
claim wherein the positive electrode comprises a 
positive electrode active material selected from the 

35 group consisting of lithiated oxides, lithiated 
sulfides, lithiated selenides and lithiated tellurides 
of the group selected from vanadium, titanium, 
chromium, copper, molybdenum, niobium, iron, 
nickel, oobaK and manganese, and mixtures 

40 thereof. 



16. An electrochemical cell according io any preceding 
daim wherein the positive electrode active material 
is mixed with a conductive additive selected from 
the group consisting of acetylene black, carbon 
black, graphite, nickel powder, aluminium powder, 
titanium powder and stainless steel powder, and 
mixtures thereof. 

17. An electrochemical cell according to any preceding 
daim wherein the positive electrode adive material 
and/or the negative electrode active material is 
mixed with a fluoro-resin binder. 



55 18. An electrochemical cell according to claim 13, 
which comprises: 

(a) an anode of a carbonaceous material capa- 
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bie of intercalating lithium; 

(b) a cathode conrrprising lithium cobalt oxide; 
and 

(c) a nonaqueous electrolyte activating the 
anode and the cathode, the nonaqueous elec^ 
trolyte~comprising a sulfite additive that pro- 
vides lithium sulfite or the lithium salt of a sulfite 
reduction product on a surface of the lithium 
intercalated anode in contact with the electro- 
lyte. 

19- A method for providing an electrochemical cell 
according to claim 1 , comprising the steps of: 

(a) providing a negative electrode which inter- is 
calates with an alkali metal; 

(b) providing a positive electrode comprising an 
electrode active material which intercalates 
with the alkali metal; 

(c) activating the negative and positive elec- 20 
trodes with a nonaqueous electrolyte; and 

(d) providing a sulf ite addHive in the electrolyte. 

20. A method according to claim 19 wherein the cell 
components are as defined in any of claims 2 to 18. 2s 

21 . Use of a sulfite additive in the electrolyte of an elec- 
trochemical cell in which the cell components are 
as defined in any of claims 1 to 18 to reduce first 
cyde irreversible capacity. so 

22. Use according to daim 21 wherein the electrolyte 
includes a carbonate as defined in any of claims 6 
toll. 
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